Acetate fabric surface was treated with combinations of water glass and hexadecyltrimethoxysilane (HDTMS) to obtain hydrophobicity. Performance analysis was done by measuring the contact angle of water on the treated fabric surface. The chemical structure, morphology and surface roughness of treated fabrics were characterized by FTIR, SEM and AFM, respectively. Acetate fabrics with good hydrophobicity were obtained when treated with water glass and HDTMS. Such surfaces were obtained first by dip-coating the silica hydrosols prepared via hydrolysis and condensation of water glass onto acetate substrates, and then by modifying the surface of the silica coating with a non-fluor compound (HDTMS). This study demonstrated that the surface treatment using water glass and HDTMS is an inexpensive method for achieving hydrophobic acetate fabrics.
INTRODUCTION
The research on superhydrophobic surfaces and the related phenomenon of high contact angles dates back a long time [1] [2] [3] [4] [5] [6] [7] . Besides, superhydrophobic surfaces with a water contact angle higher than 90° have attracted great attention because of their importance in industrial applications. In general, a superhydrophobic surface can be prepared by combination of the surface lowering the surface free energy and enhancing roughness. So far, various methods have been reported for preparing super hydrophobic surfaces such as lithography 8 , electro spinning 9 , anodic oxidation 10 , electrochemical reaction and deposition 11 , etching 12 , casting and extruding of polymers 13 . Recently, roughened surfaces have been commonly obtained by introducing nano-size particles onto the surface. The nano-size particles can be synthesized easily via the sol-gel method 14 . Surface-modifying chemicals of fluorinated silanes [15] [16] [17] [18] [19] or alkylated silanes [20] [21] [22] [23] [24] have been used to transform the Water glass, a cheap and common industry product, was used as the precursor to prepare silica sol under acid catalyzed hydrolysis and condensation. In this study, water glass and hexadecyltrimethoxysilane (HDTMS) are used as materials to form hydrophobic surfaces on the acetate fabrics by sol-gel method.
EXPERIMENTAL

Materials
The 100% acetate fabric used, had the wrap density of 26 yarn/cm, the weft density of 22 yarn/cm and the fabric weight of 123.5 g/m 2 . Sodium silicate solution (water glass) from Fluka Company was employed. Hydrochloric acid (HCl), hydroxide ammonium (NH 4 OH 25%) and ethanol (C 2 H 5 OH 98%) were obtained from Merck Company, and hexadecyltrimethoxysilane (HDTMS) was purchased from Aldrich Company. All chemicals were used as received without any further purification.
Preparation of silica sol
The silica sol was prepared via hydrolysis of sodium silicate solution (water glass). A typical preparation procedure can be described as follows:
10 ml of sodium silicate solution was added into 80 ml of distilled water and stirred at room temperature for 10 min. Then various concentrations of 2 mol/L HCl solution were added dropwise to the sodium silicate solution with stirring to form a silica hydrosol.
Synthesis of silica nanoparticles
The spherical silica nanoparticles were 4 OH. Hydroxide ammonium was used as a catalyst to control the particle size and distribution. The synthesis was prepared at 30 °C for 24 h.
Preparation of hydrophobic acetate fabrics
The acetate fabrics were immersed in the silica hydrosol for 3 min, and then padded with a wet pickup of 70-80%. The specimens were dried at 80 °C for 5 min, rinsed with water, dried at 80 °C for 10 min again. The treated fabrics were then immersed in the ethanol solution of HDTMS for 1, 2 and 3 h. Then, treated fabrics dried at room temperature, and cured at 100, 110 and 120 °C for
Fig. 1: Effect of acid concentration (mL) on contact angle
1 h in an oven. The exact formation and corresponding notation for each sample examined in this study are summarized in Table 1 .
Measuring the contact angle
The water contact angle was measured using an optical video contact angle instrument at ambient temperature. The contact angle (σ) values were taken from five measurements at different positions of the same sample. The contact angle was determined according to the following equation:
... (1) Where h is the droplet height and d is the diameter. h and d was measured using an optical images of the water droplet. The contact angle was determined 0 and 60 second after a water droplet of 5 µl was placed on the acetate substrate.
FTIR analysis
Fourier Transform Infrared (FTIR) spectra were recorded using Shimadzu Infrared Spectrometer in the mid infrared range (450-4000cm -1 ).
Surface morphology
The morphology of the treated and untreated acetate fabric was recorded by a scanning electron microscopy (SEM LEO Electron Microscopy Ltd) and Atomic Force Microscope (AFM).
RESULTS AND DISCUSSION
Effective parameter on the contact angle Fig. 1 show the comparison diagram achieved from the water contact angle results of cured acetate fabric with 9.2, 10, 11.5 and 12 mL of HCL. The obtained results reveal that the water contact angle of the cured samples decrease when the acid concentration increases. It is shown that the average size of the silica particles augmented with the increase of acid. This is because the higher acid concentration accelerated silica sol to condense and silica particles to be aggregated. Fig. 2 show the comparison diagram achieved from the water contact angle results of treated acetate fabric in 100, 110 and 120 °C cured temperatures and Fig. 3 explore the effect of immersed time (h) on the water contact angle of treated acetate fabric. The results show that, by increased the reaction time, the contact angle of acetate treated fabric increases and with increased the cured temperature, the contact angle decreases. Results of the contact angle measurement are presented in Table 2 . 
Structural information
In order to investigate the changes in the chemical structure of acetate fabrics after surface treatment, FTIR spectra of untreated acetate fabric and treated acetate were recorded, and corresponding curves are shown in Fig. 4 . 
Surface morphology
The effect of surface roughness on wettability is explained by Wenzel's equation.
Cosθ w = rCos θy ... (2) Where θ w is the apparent contact angle on a rough surface, θy is the ideal contact angle on a smooth surface, and r is the roughness factor, which is defined as the ratio of actual area of liquid-solid contact to the projected area. Since r is always larger than 1, this equation indicates that the contact angle will increase with increasing roughness of a hydrophobic surface. Fig. 5 and Fig. 6 represented SEM images and AFM images of untreated sample and acetate fabrics treated with HDTMS and water glass, respectively. Acetate treated surface (Fig. 5b and Fig. 6b ) apparently showed higher roughness than untreated one (Fig. 5a and Fig. 6a) . The contact angles of pristine fabric and samples only treated with water glass or HDTMS were not measurable, due to rapid absorbance of falling water droplets.
REFERENCES CONCLUSION
We have presented a simple method of fabricating hydrophobic surface on acetate substrates with an inexpensive and ordinary raw material, water glass and a non-fluorinated alkylsilane. The fabrics treated with silica sol and HDTMS showed excellent hydrophobic properties, and the water contact angle could reach 131.28°C
. Accordingly, this result implies that this novel technique introduce a variety of potential applications for various substrates with excellent hydrophobicity.
